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PROCESS AND COMPOUNDS 



The present invention concerns a process and intermediate compounds useful in 
the preparation of statins, particularly atorvastatin. 

According to the present invention, there is provided a process for the preparation 
5 of a compound of formula (7): 



wherein 

R 1 represents an alkyl group, such as a d. 6 alkyl group, and preferably an isopropyl 
group; 

1 0 R 2 represents an aryl group, preferably a phenyl group 

R 3 represents an aryl group, preferably a 4-fluorqphenyl group 

X represents a group of formula -COZ, wherein Z represents- -OR 4 , in which R 4 
represents an alkyl, preferably a methyl or ethyl, group, or -NR 5 R 6 , wherein R 5 and R 6 
each independently represent H, alkyl, or aryl, and preferably R 5 is H and R 6 is phenyl 



wherein Y represents a halo group, preferably CI or Br; P 1 represents a protecting group, 
and W represents =0 or -OP 2 , in which P 2 represents a protecting group, 
to give a compound of formula (2): 




15 



which comprises 

a) cyanating a compound of formula (1): 





b) reducing the compound of formula (2) to give a compound of formula (3): 

OP 1 




25 



c) coupling the compound of formula (3) with a compound of formula (4): 
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o 



.0 



to give a compound of formula (5): 




d) when W represents -OP 2 , deprotecting and then oxidising the compound of formula (5) 
to give a compound of formula (6): 



e) subjecting the compound of formula (5) when W represents =0, or compound of 
formula (6) to ring-opening, and removal of any remaining protecting groups, to give a 
compound of formula (7): 



Protecting groups which may be represented by P 1 and P 2 include alcohol 
protecting groups, examples of which are well known in the art. Particular examples 
include tetrahydropyranyl and benzyl groups. Preferred protecting groups are silyl groups, 
for example triaryl- and especially trialkylsilyl groups. Especially preferred examples are 
trimethylsilyl and t-butyldimethylsilyl groups. 

Cyanation of compounds of formula (1) can be achieved by methods known in the 
art for displacing a halo group with a cyanide. Preferably, the process comprises 
contacting the compound of formula (1) with a source of cyanide. Preferred sources of 
cyanide include cyanide salts, especially ammonium or alkali metal cyanides, particularly 
sodium or potassium cyanide. A particularly preferred process comprises contacting the 
compound of formula (1) with 5 molar equivalents of KCN in the presence of 
dimethylsulfoxide solvent at a temperature of, for example, about 50°C. 

Reduction of compounds of formula (2) can be achieved using reduction systems 
known in the art for the reduction of nitrile groups. Preferred examples include reduction 




and 




( 
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with Raney nickel or with hydrogen in the presence of a catalyst, such as palladium on 
carbon. When palladium on carbon catalysed hydrogenation is employed, preferred 
conditions comprise the use of methanol solvent at elevated temperature, such as about 
40°C, in the presence of from about 0,01 to 100 molar equivalents of ammonia. 

The coupling of the compound of formula (3) with the compound of formula (4) 
may employ conditions analogous to those given in WO89/07598 for the corresponding 
coupling. The conditions preferably comprise refluxing the compounds of formula (3) and 

(4) in a hydrocarbon solvent, such as toluene or cyclohexane, or mixtures thereof, 
followed by contact with aqueous acid, such as aqueous HQ. 

When W represents OP 2 , the protecting group may be removed to form a hydroxy 
group by methods known in the art for the removal of the given protecting group. For 
example, silyl protecting groups may be removed by contact with a source of fluoride ion, 
such as tetrabutylammonium fluoride. 

Oxidation of compounds formed by deprotection of compounds wherein W 
represents -OP 2 may employ conditions known in the art for the oxidation of pyranols to 
pyranones, and include those given in "Comprehensive Organic Transformations", R.C. 
Larock, 2 nd Ed (1999) p 1670, published by Wiley VCH, incorporated herein by reference. 
Preferred oxidation systems include AgsCOs/Celite, especially Celite J2, or bromine. 

Ring opening of the compounds of formula (5), when W represent =0 or formula 
(6) may employ conditions known in the art for ring opening of a pyranone. Preferably, 
the ring is opened by contact with a base, such as sodium hydroxide. Methanol is 
conveniently employed as solvent. 

Remaining protecting groups may be removed by methods known in the art for the 
removal of the given protecting group. For example, silyl protecting groups may be 
removed by contact with a source of fluoride ion, such as tetrabutylammonium fluoride. 

It will be recognised that when X represents a group of formula -COOR 4 , this may 
be converted to a group wherein X represents -CONR 5 R 6 at any stage during the 
process, for example by reaction of the corresponding compounds of formulae (2), (3), (4), 

(5) , (6) or (7) with a compound of formula HNR 5 R 6 . 

It will also be recognised that compounds of formulae (2), (3) and (4) may also be 
subjected to oxidation (when W represents -OH) or deprotection and oxidation (when W 
represents (-O-protecting group) to form the corresponding compound wherein W 
represents =0. 

Preferred compounds of formula (1) are compounds of formula: 



35 




wherein W, P 1 and Y are as previously described. 



SMC 60613 



4 



Preferred compounds of formula (2) are compounds of formula: 

OP 1 




wherein W and P 1 are as previously described. 

Preferred compounds of formula (3) are compounds of formula: 

OP 1 



H 2 N ^ N O "W 



wherein W and P 1 are as previously described. 
Preferred compounds of formula (5) are of formula: 

OP 1 



X, 




^ x 0^w 



wherein R\ R 2 , R 3 , W, X and P 1 are as previously. described. 
1 0 Preferred compounds of formula (6) are of formula: 




wherein R 1 , R 2 , R 3 , and X are as previously described. 
Preferred compounds of formula (7) are of formula: 

oh oh o 



S 1 




15 wherein R 1 , R 2 , R 3 , and X are as previously described. 

Compounds of formula (7) are advantageously converted to pharmaceutical^ 
acceptable salts, especially their calcium salts. 

Compounds of formula (4) are advantageously prepared by the methods given in 
J. Med. Chem., 1991, 34, pp357-366. Particularly preferred compounds of formula (4) are 
20 compounds of formula: 
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Compounds of formula (1) are advantageously prepared by enzyme catalysed 
condensation of acetaldehyde and 2-haloacetaldehyde, for example using the method 
given in US patent 5,795,749. 

Compounds of formulae (2) and (3) and, when W is OP 2 , formula (5) form further 
aspects of the present invention. 
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CLAIMS 



1. 



A process for the preparation of a compound of formula (7): 

R 1 




OH 



wherein 



R 1 represents an alkyl group, such as a C^e alkyl group, and preferably an isopropyl 
group; 

R 2 represents an aryl group, preferably a phenyl group 

R 3 represents an aryl group, preferably a 4-fluorophenyl group 

X a group of formula -COZ, wherein Z represents -OR 4 , in which R 4 represents an alkyl, 



wherein Y represents a halo group, preferably CI or Br; P 1 represents a protecting group, 
and W represents =0 or -OP 2 , in which P 2 represents a protecting group, 
to give a compound of formula (2): 



preferably a methyl or ethyl, group, or -NR 5 R e , wherein R 5 and R 8 each independently 
represent H, alkyl, or aryl, and preferably R 5 is H and R 6 is phenyl 



which comprises 

a) cyanating a compound of formula (1): 





b) reducing the compound of formula (2) to give a compound of formula (3): 




c) coupling the compound of formula (3) with a compound of formula (4): 

R 1 




to give a compound of formula (5): 
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OP 1 



R 





R 3 



U ^ O W 

d) when W represents -OP 2 , deprotecting and then oxidising the compound of formula (5) 
to give a compound of formula (6): 

OH 

x. 



R 2 




R 



,3 



and 

e) subjecting the compound of formula (5) when W represents =0, or compound of 
formula (6) to ring-opening, and removal of any remaining protecting groups, to give a 
compound of formula (7): , v 

S 1 



A process for the preparation of a compound of formula (2): 




o w 



which comprises cyanating a compound of formula (1): 



OP 1 




o w 

wherein Y represents a halo group, preferably CI or Br; P 1 represents a protecting group, 
and W represents =0 or -OP 2 , in which P 2 represents a protecting group. 

3. A process for the preparation of a compound of formula (3): 

op 1 




H 2 N O W 

which comprises reduction of a compound of formula (2): 
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o w 

wherein P 1 represents a protecting group, and W represents =0 or -OP 2 , in which P 2 
represents a protecting group. 



A process for the preparation of a compound of formula (5): 

R 1 



OP 1 





o w 



which comprises coupling the compound of formula (3): 



. H 2 N 

1 0 with a compound of formula (4): 




wherein 

R 1 represents an alkyl group, such as a alkyl group, and preferably an isopropyl 
group; 

15 R 2 represents an aryl group, preferably a phenyl group; 

R 3 represents an aryl group, preferably a 4-fluorophenyl group; 

X a group of formula -COZ, wherein Z represents -OR 4 , in which R 4 represents an alkyl, 
preferably a methyl or ethyl, group, or -NR 5 R 6 , wherein R 5 and R 6 each independently 
represent H, alkyl, or aryl, and preferably R 5 is H and R 6 is phenyl; 
20 P 1 represents a protecting group; and 

W represents =0 or -OP 2 , in which P 2 represents a protecting group. 



5. 



A compound of formula (2): 
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wherein P 1 represents a protecting group, and W represents =0 or -OP 2 , in which P 2 
represents a protecting group. 

6. A compound of formula (3): 



wherein P 1 represents a protecting group, and W represents =0 or -OP 2 , in which P 2 
represents a protecting group. 

7. A compound of formula (5): 



wherein 

R 1 represents an alkyl group, such as a alkyl group, and preferably an isopropyl 
group; 

R 2 represents an aryl group, preferably a phenyl group; 
15 R 3 represents an aryl group, preferably a 4-fluorophenyl group; 

X a group of formula -COZ, wherein Z represents -OR 4 , in which R 4 represents an alkyl, 

preferably a methyl or ethyl, group, or -NR 5 R 6 , wherein R 5 and R 6 each independently 

represent H, alkyl, or aryl, and preferably R 5 is H and R 6 is phenyl; 

P 1 represents a protecting group; and 
20 W represents -OP 2 , in which P 2 represents a protecting group. 



5 
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